To validate the observed/expected ratio for adherence to ovarian cancer treatment guidelines as a risk-adjusted measure of hospital quality care, and to identify patient characteristics associated with disparities in access to high-performing hospitals.
OBJECTIVE:
To validate the observed/expected ratio for adherence to ovarian cancer treatment guidelines as a risk-adjusted measure of hospital quality care, and to identify patient characteristics associated with disparities in access to high-performing hospitals.
METHODS:
This was a retrospective population-based study of stage I-IV invasive epithelial ovarian cancer reported to the California Cancer Registry between 1996 and 2014. A fit logistic regression model, which was risk-adjusted for patient and disease characteristics, was used to calculate the observed/expected ratio for each hospital, stratified by hospital annual case volume. A Cox proportional hazards model was used for survival analyses, and a multivariable logistic regression model was used to identify independent predictors of access to high-performing hospitals.
RESULTS:
The study population included 30,051 patients who were treated at 426 hospitals: low observed/expected ratio (n5304) 23.5% of cases; intermediate observed/ex-pected ratio (n592) 57.8% of cases; and high observed/ expected ratio (n530) 18.7% of cases. Hospitals with high observed/expected ratios were significantly more likely to deliver guideline-adherent care (53.3%), compared with hospitals with intermediate (37.8%) and low (27.5%) observed/expected ratios (P,.001). Median diseasespecific survival time ranged from 73.0 months for hospitals with high observed/expected ratios to 48.1 months for hospitals with low observed/expected ratios (P,.001). Treatment at a hospital with a high observed/expected ratio was an independent predictor of superior survival compared with hospitals with intermediate (hazard ratio [HR] 1.06, 95% CI 1.01-1.11, P,.05) and low (HR 1.10, 95% CI 1.04-1.16, P,.001) observed/expected ratios. Being of Hispanic ethnicity (odds ratio [OR] 0.85, 95% CI 0.78-0.93, P,.001, compared with white), having Medicare insurance (OR 0.74, 95% CI 0.68-0.81 P,.001, compared with managed care), having a Charlson Comorbidity Index score of 2 or greater (OR 0.91, 95% CI 0.83-0.99, P,.05), and being of lower socioeconomic status (lowest quintile OR 0.41, 95% CI 0.36-0.46, P,.001, compared with highest quintile) were independent negative predictors of access to a hospital with a high observed/expected ratio.
CONCLUSION:
Ovarian cancer care at a hospital with a high observed/expected ratio is an independent predictor of improved survival. Barriers to high-performing hospitals disproportionately affect patients according to sociodemographic characteristics. Triage of patients with suspected ovarian cancer according to a performancebased observed/expected ratio hospital classification is a potential mechanism for expanded access to expert care. T he mortality rate for ovarian cancer has decreased by 33% over the past 40 years owing to a modest decrease in incidence coupled with substantial improvements in treatment. 1, 2 Treatment advances are reflected in the National Comprehensive Cancer Network's treatment guidelines, which are the accepted standard for quality ovarian cancer care. [3] [4] [5] [6] [7] [8] [9] Unfortunately, a majority of patients with ovarian cancer do not receive the recommended care, and race, poverty level, and insurance status have been identified as independent predictors of an increased likelihood of treatment that deviates from standard guidelines. 3, 4, [10] [11] [12] [13] For ovarian cancer, eliminating sociodemographic disparities and improving outcomes for all segments of the population hinges on universal access to expert care. [14] [15] [16] [17] Accordingly, a definition of hospital-based expert ovarian cancer care that is both valid and practical is a necessary first step. Although high-volume hospital care (more than 20 cases per year) correlates with adherence to National Comprehensive Cancer Network treatment guidelines, crude case volume alone is an imprecise measure of quality care, and there are relatively few centers with the required caseload. 9, 18 Recently, Wright et al 9 studied 100,725 patients and 1,268 hospitals from the National Cancer Database, and reported that increasing annual case volume and adherence to quality metrics were associated with improved survival outcome.
Our group previously reported a more precise hospital-based quality metric for ovarian cancer carethe observed/expected ratio for adherence to National Comprehensive Cancer Network guidelines-combining structural, process, and outcome measures with risk adjustment for patient population characteristics. 8, 19, 20 There are multiple patient-and disease-related factors that preclude 100% adherence to ovarian cancer treatment guidelines. The observed/expected ratio instrument accounts for differences in case-mix complexity among hospitals and provides a measure of guideline adherence that is adjusted for these confounding factors. The objectives of the current study were to 1) validate the utility of the observed/expected ratio methodology using an expanded California Cancer Registry data set with risk adjustment for patient and disease characteristics and 2) investigate sociodemographic characteristics associated with disparities in access to high-performing hospitals.
METHODS
This was a retrospective population-based study of invasive epithelial ovarian cancer reported to California Cancer Registry between January 1, 1996, and December 31, 2014, with follow-up through 2016 and record linkage to the California Office of Statewide Health Planning and Development database. The study received exempt status by the Institutional Review Board of the University of California, Irvine (UCI 14-66/HS# 2014-1476). The California Cancer Registry is California's statewide population-based cancer surveillance system that has collected information about tumor characteristics, patient characteristics, and treatment for all cancers diagnosed in California since 1988. 21 Standardized data collection and quality control procedures have been in place since that time. Case reporting is estimated to be 99% for the entire state of California, with follow-up completion rates exceeding 95%. 22 International Classification of Disease Codes for Oncology based on World Health Organization criteria were used for tumor location and histology. Cases were identified using the Surveillance, Epidemiology, and End Results ovary primary site code (C569).
Cases included patients who were aged 18 years or older and were diagnosed with a first or only invasive epithelial ovarian cancer from 1996 to 2014. Those with incomplete clinical information, nonepithelial histologic subtypes, missing International Classification of Disease Codes for Oncology morphology code, or data extracted from autopsy or death certificate only were excluded ( Fig. 1 ). A total of 30,051 patients were included in the final sample for analysis. Age at diagnosis was treated either as a continuous or a categorical variable. Other patient sociodemographic characteristics included race-ethnicity and insurance type. Socioeconomic status was classified into quintiles based on the Yost or Yang score. The Yost score was used for patients diagnosed before 2006 and is a composite index of socioeconomic status based on a principal component analysis of block group level census variables (eg, education, income and occupation). 23 The Yang scale is a similar index based on American Community Survey variables at the block group level (for patients who were diagnosed after 2006). 24 The Deyo adaptation of the Charlson Comorbidity Index was used a measure of patient comorbidity. 25 Comorbidity scores were calculated for each patient using diagnosis codes included in California Office of Statewide Health Planning and Development hospital discharge data before the cancer diagnosis. Charlson Comorbidity Index score was categorized into four groups: 0, 1, 2 or greater, or unknown. Tumor characteristic included stage, tumor grade, and histology. Hospital volume was calculated based on the average annual number of ovarian cancer cases admitted in that hospital and included both surgical and nonsurgical cases. Hospitals with 20 or more cases per year were classified as high-volume; hospitals with fewer than 20 cases per year were considered low-volume.
Adherence to treatment guidelines for ovarian cancer was based on National Comprehensive Cancer Network recommendations for surgery and chemotherapy according to the time period of diagnosis (1996-2014). [26] [27] [28] [29] [30] [31] [32] [33] Surgical treatment for stages I-IIIB was considered adherent to National Comprehensive Cancer Network guidelines if it included a minimum of oophorectomy, pelvic or para-aortic lymph node biopsy, and omentectomy. A minimum of oophorectomy and omentectomy was considered adherent surgical care for International Federation of Gynecology and Obstetrics stages IIIC-IV disease. For patients with stages IA-IB, grade 1-2 disease, no adjuvant treatment was considered adherent to National Comprehensive Cancer Network guidelines. Administration of multi-agent chemotherapy was considered adherent care for patients with stages IC-IV or grade 3 diseases, and surgery must have preceded chemotherapy for those with stages I-IIIB. For stages IIIC-IV either initial surgery or chemotherapy was characterized as appropriate care. Dichotomous variables, adherence or nonadherence, were created for adherence to surgical guidelines, chemotherapy guidelines, and the overall treatment plan (both surgery and chemotherapy).
Two steps were carried out to calculate the hospital-based observed/expected ratio for adherence to treatment guidelines, which were risk-adjusted for patient and tumor characteristics. Univariate analyses were conducted first to examine the relation between each predictor variable and overall treatment adherence using x 2 test for categorical variable and t test for continuous variable. Model selection was based on univariate analyses augmented by clinical knowledge. Predictors in the final logistic model for overall adherence included only those patient and disease characteristics relevant to treatment received: age at diagnosis, year of diagnosis, Charlson Comorbidity Index score, tumor stage, grade, histology, and size. The c-statistic was used to measure the predictive accuracy of the model (c-statistic50.79), and Hosmer-Lemeshow test was used to test the calibration of the model and showed that the final logistic model provided adequate fit. In the second step, the final multivariate logistic model was used to estimate the probability of adherence to National Comprehensive Cancer Network overall treatment plan for each patient. Expected adherence for each hospital was calculated by summing the probabilities of adherence for all patients who were treated in that center. Observed adherence for each hospital was calculated as the number of patients who received adherent care in the center. A high observed/expected ratio indicated that the hospital had a higher rate of adherence to the guidelines than would be expected according to its patient mix. Centers with very low case volume tended to have too few cases to calculate a stable observed/expected ratio, and sensitivity analysis revealed that hospitals with five or more cases had a stable SD of observed/expected ratio. Thus, centers were grouped according to observed/expected ratio and case volume into three categories: low observed/expected ratio (lowest quartile of observed/expected ratio or annual case volume less than 5), intermediate observed/expected ratio (middle two quartiles of observed/expected ratio and annual case volume 5 or more), and high observed/expected ratio (highest quartile of observed/expected ratio and annual case volume of 5 or more).
Cause of death was recorded according to International Classification of Diseases criteria in effect at the time of death. 34 The last date of follow-up was either the date of death or the date of last contact. Ovarian cancer-specific mortality was defined as death caused by ovarian cancer alone, and patients who died from other causes were treated as censored cases at the time of the event.
Descriptive statistics for demographic and clinical characteristics were analyzed with x 2 test for categorical variables. The first main outcome variable was disease-specific survival. Survival analysis was performed using the Kaplan-Meier estimate of survival probability and log-rank test. After verifying the proportionality assumption, a Cox proportional hazards model was fitted to evaluate the independent effect on survival of each predictor. Possible interaction terms of main effects were tested, and statistically insignificant factors were removed from the final model using stepwise selection. Adjusted hazard ratios (HRs) and 95% CIs were generated. The second main outcome variable was access to hospitals with high observed/expected ratios. Multivariable logistic regression analysis was performed to estimate the probability of receiving treatment at a hospital with a high observed/expected ratio. All statistical analysis was performed on SAS 9.4.
RESULTS
For the final study population of 30,051 patients with invasive epithelial ovarian cancer, sociodemographic variables, tumor-related characteristics, and hospital classification, stratified by National Comprehensive Cancer Network guideline adherence, are shown in Table 1 . For all cases, 38.3% were adherent to National Comprehensive Cancer Network treatment guidelines, with adherence to the surgical and chemotherapy components in 54.0% and 62.7% of all cases, respectively.
A total of 426 hospitals were identified as providing ovarian cancer care during the study period; the proportional distributions of hospitals and patients according to observed/expected ratio classification and average annual case volume are shown in Table 2 . The 304 hospitals with low observed/expected ratios represented 71.4% of treating facilities and accounted for 7,068 cases (23.5%); the 92 hospitals with intermediate observed/expected ratios represented 21.6% of all facilities and treated 57.8% of patients. There were 30 hospitals with high observed/expected ratios (7% of all facilities), which accounted for 18.7% of cases. Hospitals with high observed/expected ratios were significantly more likely to deliver National Comprehensive Cancer Network guideline-adherent care (53.3%) compared with hospitals with intermediate (37.8%) and low (27.5%) observed/expected ratios (P,.001) ( Table 1 ). By comparison, classification according to annual case volume alone identified 14 hospitals that met the high-volume criterion (20 or more cases per year). 15, 35 Ovarian cancer care was adherent to National Comprehensive Cancer Network guidelines for 48.9% of patients treated at high-volume hospitals, compared with 35.4% of those treated at low-volume hospitals (P,.001).
Univariate survival analysis revealed that the median disease-specific survival time was different across hospital observed/expected ratio categories: 48.1 months at hospitals with low observed/expected ratios (95% CI 44.8-50.8 months); 62.4 months at hospitals with intermediate observed/expected ratios (95% CI 60.1-65.5 months); and 73.0 months at hospitals with high observed/expected ratios (95% CI 68.6-79.3 months), P,.001 (Fig. 2) . Multivariate survival analysis revealed the expected survival effects of tumor grade, stage, and histologic subtype ( Table 3 ). Being of non-Hispanic black race, not being married, having a Charlson Comorbidity Index score of 1 or greater, having Medicaid insurance or no insurance, and being of a lower socioeconomic status were associated with a worse survival outcome. After controlling for other variables, care at a hospital with a high observed/expected ratio was significantly and independently associated with superior disease-specific survival compared with hospitals with intermediate observed/expected ratios (HR 1.06, 95% CI 1.01-1.11, P5.022) and those with low observed/expected ratios (HR 1.10, 95% CI 1.04-1.16, P,.001).
The geographic distribution of the 426 hospitals treating patients with ovarian cancer, classified according to observed/expected ratio status and high annual case volume, is shown in Figure 3 . The northernmost regions and mid-section of the state were predominantly serviced by hospitals with low and intermediate observed/expected ratios. The 30 hospitals with high observed/expected ratios and 14 high-volume centers were largely concentrated around population-dense areas in Northern and Southern California. A cross-tabulation by hospital observed/expected ratio classification and case volume revealed that only 2 of the 30 hospitals with high observed/expected ratios also had high average annual case volume; both were located in Northern California (Table 4 and Fig. 3 , top inset). In other words, 93.3% of hospitals with high observed/expected ratios were not high-volume, and only 14.3% of hospitals with high annual case volumes met the performance-based metric of having a high observed/expected ratio.
Multivariable analysis of sociodemographic and clinical characteristics and treatment at a hospital with a high observed/expected ratio revealed a small but statistically significant positive effect for increasing year of diagnosis (Table 5 ). Among clinical characteristics, patients with a Charlson Comorbidity Index score of 2 or greater were less likely to receive care at a hospital with a high observed/expected ratio; care at a hospital with a high observed/expected ratio was more likely for patients with stage III disease and tumor size larger than 10 cm. Among sociodemographic characteristics, being of Hispanic ethnicity (odds ratio [OR] 0.85, 95% CI 0.78-0.93, P,.001, compared with white) and having Medicare insurance (OR 0.74, 95% CI 0.68-0.81, P,.001, compared with managed care) were independent negative predictors of access to a hospital with a high observed/expected ratio. In contrast, being of Asian or Pacific Islander race (OR 1.21, 95% CI 1.11 1.33, P,.001, compared with white) and having Medicaid insurance (OR 1.19, 95% CI 1.07-1.33, P5.002, compared with managed care) or no insurance (OR 1.41, 95% CI 1.20-1.66, P,.001, compared with managed care) were predictive of a higher likelihood of treatment at a hospital with a high observed/expected ratio. Notably, socioeconomic status was independently associated with the likelihood of treatment at a hospital with a high observed/expected ratio, decreasing in a linear fashion from the highest socioeconomic status quintile (OR 1.00) to the lowest socioeconomic status quintile (OR 0.41, 95% CI 0.36-0.46, P,.001). In other words, patients in the highest socioeconomic status quintile were almost 2.5 times more likely to access a hospital with a high observed/expected ratio than their counterparts in the lowest socioeconomic status quintile. 
DISCUSSION
A significant proportion of patients with ovarian cancer in the United States do not receive the recommended standard of care for initial treatment, although definitions and methodologies differ across populations and study designs. In population-based studies, the rate of adherence to National Comprehensive Cancer Network treatment guidelines has been reported as 30.2-65.9%, and in single-institution studies it ranges from 26.7% to 85.4%. [3] [4] [5] [6] [7] 10, 18, 35 The reasons behind this trend are multifactorial and include medical comorbidities precluding surgery or chemotherapy, limited availability of or access to high-volume specialty health care providers, and barriers to care associated with sociodemographic and geographic characteristics. [4] [5] [6] 10, [35] [36] [37] [38] Although development of novel therapeutic agents and innovative treatment strategies for ovarian cancer offer the potential for improved survival, the most basic mechanism for immediately improving outcomes is to increase adherence to accepted treatment guidelines. The current data suggest that the observed/ expected ratio methodology offers a means of distinguishing high-performing ovarian cancer hospitals with improved outcomes while expanding the number of designated expert centers beyond the traditional, and less precise, structural measure of average annual case volume. In California, adoption of the performance-based observed/expected ratio methodology for designating preferred hospitals for ovarian cancer care would more than double the number of potential referral facilities associated with superior outcomes. Surprisingly, the current data indicate minimal overlap between hospitals with high observed/expected ratios and high-volume hospitals. Only 2 of the 14 high-volume hospitals also had high observed/expected ratios; conversely, just 2 of the 30 hospitals with high observed/ expected ratios were also high-volume.
Admittedly, hospitals with high observed/expected ratios treated a modest proportion of all patients with ovarian cancer, so that redistribution of patients with ovarian cancer according a performancebased metric still presents the challenge of achieving widespread access to designated institutions. In the current report, 93% of hospitals that treated patients with ovarian cancer did not have high observed/ expected ratios. Substantially increasing the rate of adherence to guidelines or annual case volume for these 396 facilities is likely impractical. A more workable approach may be to concentrate care in the 30 hospitals with demonstrable high performance that uses a preferential triage strategy. This approach has been successfully adopted for a number of highrisk procedures and treatments. 39 An increasing body of evidence now supports concentration of ovarian cancer care to improve adherence to treatment guidelines, surgical outcomes, survival, and cost-effectiveness. 40, 41 For example, Dahm-Kähler et al 42 reported the effect of centralization of ovarian cancer care in Sweden and found an improved rate of complete cytoreductive surgery, a decrease in the time interval from surgery to chemotherapy, and a 50% improvement in 3-year survival. These data, combined with an increasing focus being placed on patient safety and quality improvement, suggest that a coordinated effort from health care policy administrators, professional societies, advocacy organizations, and payers to concentrate ovarian cancer care in high-performing centers is warranted. Improving the health of all sociodemographic groups is a national priority; however, the National Healthcare Quality and Disparities Report indicates that disparities in access to care across race-ethnicity and socioeconomic status have remained largely unchanged in recent years. 43 The current data show that barriers to high-performing facilities disproportionately affect patients with: Hispanic ethnicity, Medicare insurance, a Charlson Comorbidity Index score of 2 or greater, and a lower socioeconomic status. The strongest effect was seen for socioeconomic status, where patients in the highest socioeconomic status quintile were almost 2.5 times more likely to access a hospital with a high observed/expected ratio compared with those in the lowest socioeconomic status quintile. Sociodemographic disparities in ovarian cancer survival are thought to be largely attributable to unequal access to care and administration of nonstandard treatment regimens, primarily as a consequence of lower socioeconomic status, community disadvantage, and safety net insurance or lack of coverage altogether among disadvantaged and minority populations. 13, 36, 44 This premise is supported by data indicating that, when patients receive comparable treatment, disparities in ovarian cancer survival according to race-ethnicity and socioeconomic status are largely mitigated. 10, [45] [46] [47] If the fundamental goal is health care equity, all segments of the population should not only have equal access to high-quality care, but resources must be directed toward remediating the underlying barriers to actually obtaining such care for underserved populations. This will require a more detailed understanding of the specific barriers (eg, financial, geographic, cultural, health literacy) affecting the populations most vulnerable to disparities in access to expert care. 17, 36, 48 There are several limitations that must be considered when interpreting the data presented. First, the retrospective, population-based cohort study design is subject to the potential for selection and reporting bias inherent to such methodology. With respect to the California Cancer Registry specifically, the reporting facility may not be the same facility in which the patient receives the majority of her care, and satellite facilities may report under their parent institution. In addition, registry data may be subject to underreporting of chemotherapy administration. 49 As an observational study the possibility exists that unmeasured confounding variables could have affected the observed results. Lastly, the current findings may not be generalizable to geographic locations outside of California.
Despite these limitations, several important conclusions can be drawn from the current data. First, the larger, more expansive and detailed data set validates our initial findings that the observed/expected ratio model for ovarian cancer care is both a valid and practical measure of hospital-based ovarian cancer care quality and incorporates the three critical components of the Donabedian paradigm for healthcare quality, namely structure (case volume), process (adherence to treatment guidelines), and outcomes (survival). 18, 19 Second, access to high-performing hospitals is currently limited, and marked disparities exist for specific vulnerable populations in their ability to access hospitals with high observed/expected ratios. Finally, improving access to hospitals with high observed/expected ratios through a performancebased triage strategy for patients with suspected ovarian cancer may be one of the most expedient means available to directly improve outcomes and progress toward true healthy equity in ovarian cancer care.
